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Abstract 
The pollutant particles can have as consequence the reduction of biodiversity and the quality of water, 
soil and whole ecosystems. Especially, the cement dust can be emitted at every stage of cement production 
caused photosynthetic process, leaf stomata, discoloration, enzymatic malfunction, growth reduction and 
productivity of plants. In this study, the water, surface soil, bottom soil and two plant (Croton bonplandianum 
and Cassia auriculata) samples were collected from three different (cement dust exposed) sites of Ariyalur 
district during summer 2014 for physiochemical, heavy metal and biochemical constituent’s analysis. The 
sampling sites of S1, S2 and S3 were 0-500 m, 500-1000 m and 1000-1500 m away from the cement industry 
of Ariyalur industrial zone, respectively. The results from those sites were compared with control site (C1) 
(Jamal Mohammed College, Tiruchirappalli, Tamil Nadu - non-industrial area) results. The higher 
concentrations of physiochemical and heavy metal parameters were observed from the study areas than the 
control sites which indicated that those sites drained large amount of cement dust particles from cement 
industries. The surface soil got higher concentration of all parameters followed by bottom soil and ground 
water. The phytochemical concentration was also reduced in study area plants than control site plants. Hence, 
the Ariyalur district needed throughout impoundment.        
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1. Introduction 
Air pollution has become a major threat to 
the survival of plants in the industrial areas and is 
responsible for vegetation injury and crop yield losses 
are causing increased concern1. The role of air 
pollutants causing injury to plants either by direct 
toxic effect or modifying the host physiology 
rendering it more susceptible to infection. The dust 
particulates are causing large scale deforestation 
destruction of biota and other natural resources. 
Farmer2 (1993) stated that the cement industrial 
regions are confronted with the problems of 
alkalization due to high deposition of alkaline cement 
dust and their ash in the pollution complex. The 
deposition of cement dust in large quantities around 
cement factories causes changes in soil physical 
chemical properties and it also affects the growth and 
biochemical characteristics of field crops3. Increased 
concentrations of the pollutants cause progressive 
reduction in the photosynthetic ability of leaves, 
closure of leaf stomata and, mainly, a reduction in 
growth and productivity of plants4. Air pollution 
directly affects the net carbon dioxide exchange rate 
and dry matter accumulation of many plants and is 
increased the photosynthetic carbon uptake5.  
The air pollution were also affected the 
structure / morphology of the plant, ascorbic acid 
content and chlorophyll content 6. The stomata are 
microscopic pores on the underside (abaxial side) of 
the leaf. These allow air into and out of the leaf and 
allow water vapor out in the process of transpiration. 
As air diffuses through the stomata, most of the 
airborne particles will not pass through the stomata 
but will rather land on the leaf’s outer surface and the 
fine particles could stick to the bottom surface. The 
particles on the top surface of the leaves will mainly 
be from the settling of coarse particles and dust 
facilitated by sticky surface texture presence of fine 
veins on leaf surface. These settled particles will 
provide the information about the particulate air 
pollution in the area sampled. The higher the 
concentration of particulate matter in the area, higher 
the concentration of particles on the leaf surface7.  
In this study, the physical, chemical and 
trace metal components were analyzed from the 
ground water and soil (two depths) samples of cement 
industrial zone of studied sites. At the same time, to 
find the biochemical changes on selected green plants 
from those sites due to the effect of cement dust 
deposition.  
 
2. Materials and methods 
2.1 Sampling and processing 
The soil (six) and ground water (three) 
samples were collected from three different areas of 
cement industrial zone of Ariyalur district. The 
sampling sites of V.Kaikatti (S1), Keezhapalur (S2) 
and Kallankuruchi (S3) were 0-500 m, 500-1000 m 
and 1000-1500 m away from the cement industry of 
Ariyalur industrial zone, respectively. For control, the 
two soil and one water sample were collected from 
Jamal Mohammed College, Tiruchirappalli (C1 - non-
industrial area), Tamil Nadu. At each site, soil 
samples were collected at two depths (0-5 (surface) 
and 10-15 cm) and one ground water by sterile 
spatulum and 2,500 ml sterile container, respectively. 
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The soil samples were stored in sterile plastic bags. 
The physicochemical parameters i.e., pH, electrical 
conductivity (EC) and total dissolved solids (TDS) 
were measured using field kit (Thermo Orion 5-Star 
pH Multi-Meter) on the site8,9 and other parameters 
(Ca2+, Mg2+, Na+, K+, CO 2
-, HCO -, Cl- and SO4
2-) 
were measured in the laboratory using the standard 
procedure10. All samples were collected and kept in 
iceboxes, and processed within 12 hrs of collection. 
For heavy metal analysis, one liter of sea water 
sample was acidified immediately with concentrated 
nitric acid (HNO3). 
The Croton bonplandianum and 
Cassia auriculata plants were collected from the each 
sampling sites (including control site). The1g of 
cleaned plant leaves, torn into small pieces in a 
mortar ground with a pinch of quartz sand and a total 
of 10 ml of absolute acetone. The acetone extract of 
plant samples were poured into a 15ml centrifuge 
tube and centrifuge in the bench top centrifuge at 
5000 rpm for 3 to 5 min. The supernatant was used to 
analyze the concentrations of photosynthetic pigments 
like chlorophyll-a, chlorophyll-b and carotenoids11 
and other phytochemistry parameters. 
For trace metal study, acidified water 
samples were filtered by Whatman No.1 filter paper 
and were used for analysis12. Soil and plant samples 
were air-dried and gently crushed. Thereafter, the 
samples were sieved through a 2 mm sieve and stored 
for further analysis. Also, total concentrations of Cd, 
Cr, Cu, Fe, Ni, Pb and Zn in soil and plant samples 
were determined by aqua-regia mixture/ acid 
digestion method13.One gram of samples (soil/ plant) 
were treated with aqua-regia mixture in Teflon bomb 
and was incubated at 140 °C for 2-3 days after dried 
and sieved samples. After incubation, the reaction 
mixture was filtered with Whatman No.1 filter paper. 
The dissolved trace metals in the water and soil/ 
plants extract were determined by the 797 VA 
Computrace voltametry, Metrohm. 
 
3. Result and discussion 
In surface sediments, the concentration of 
pH in S1, S2 and S3 were 7.5, 7.8 and 7.2, and 
similarly the concentration of bottom sediment is 6.9, 
7.3 and 7.3 respectively. But in water, the 
concentration of pH is slightly varied when compared 
to the sediment samples. The pH of water samples in 
S1, S2 and S3 were 6.8, 7.0 and 6.9 respectively. The 
alkalinity of the soil and water indicated that the 
sampling sites were contaminated by cement and 
other industries wastes2. In the ground water, the EC 
ranged from 263.50 – 418.30 μS/cm while the TDS 
concentrations ranged from 166.0 – 263.50 mg/l 
during the study. The ranges of EC in surface 
sediment and bottom sediment of study area were 
648.30 – 999.50 mg/L and 395.40 – 593.20 mg/l, 
while TDS ranges were 408.4 – 629.70 mg/l and 
249.10 - 373.7 mg/l, respectively (Figure 1). 
Commonly, the higher concentrations of 
physiochemical and trace metal parameters were 
found in surface sediment than the bottom sediment 
and ground water, which might be due to the 
deposition of waste water effluents from cement 
industry on surrounding sediments14. 
 
Figure 1: Concentration of physiochemical parameters in water and soil samples during summer season 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The bicarbonate concentration varies 
between 35.6 to 85.4 mg/l and 91.5 to 250.1 mg/l in 
water and soil sample, which is indicating that the 
study area was suffered by severe chemical 
weathering and receives several wastes from cement 
industries. The bicarbonate is the major indicator 
parameter for alkalinity of samples. The chloride is 
the second major anion and the mean concentration of 
chloride in water, surface soil and bottom soil were 
25.5, 73.5 and 52.1 mg/l, respectively. The mean 
value of the sodium and potassium in water samples 
of the study area is 8.05 and 2.30 mg/l. But in surface 
and bottom soil, the mean concentration of sodium 
and potassium were 38.75 and 9.17 and 16.1 and 3.5, 
respectively. The sodium and potassium were 
analyzed by flame photometer and were strongly 
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influenced the alkalinity of the samples. The Calcium 
concentrations were range from 19.6 to 34.0 mg/kg in 
the surface sediment and 11.0 to 18.0 mg/kg in the 
bottom sediment. The mean concentration of 
magnesium in water sample was 3.25 mg/l. This 
might be attributed to the addition of alkali metals 
like Na and earth metals like Ca & Mg in the 
discharge from cement industries15.  
The sulphate and silica concentration were 
high in surface soil sample than the bottom soil and 
ground water. The mean concentrations of nitrite in 
water and soil samples were 4.97 and 3.02, 
respectively. Interestingly, the nitrite concentration 
was higher in water than the soil sample. But 
commonly, the physiochemical parameters were high 
in soil sample than water. The ranges of 
orthophosphate in the water and soil samples were 5.3 
to 12.4 and 3.6 to 13.9, respectively. Commonly, the 
anions were highly found in the water and sediment 
columns than cations. The same pattern was also 
reported in our study. The physiochemical parameters 
were easily dissolve in nature and were ability to 
exchange the materials between water and sediment 
column. Soil pH, anions and cations is very important 
because it influences the availability and plant uptake 
of micronutrients including heavy metals14. The 
physiochemical parameters were high in studied area 
when compared to the control site, except few 
parameters. Because, these study areas were highly 
exposed to the cement dusts. 
Toxic chemicals and trace metals are very 
important pollutants which affects all ecosystem at 
large extent16. Concentrations of various trace metals 
in the water and soil samples are shown in figure 2. 
Heavy metals in environment mostly come from 
lithogenic and anthropogenic sources. Chemical 
leaching of bedrocks, water drainage basins and 
runoff from banks are the lithogenic contribution of 
heavy metals while discharge of urban/ industrial 
waste water, combustion of fossil fuels, mining and 
smelting operations, processing and manufacturing 
industries and waste disposal including dumping are 
anthropogenic sources of metal pollution12. Through 
the natural process of biomagnifications, minute 
quantities of metals become part of the various food 
chains and concentrations become elevated to levels 
which can prove to be toxic to human, animal, plant 
and other living organisms17. 
 
Figure 2: Concentration of trace metals in water and soil samples during summer season 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The concentration of Cu in water, surface 
soil and bottom soil ranged from 0.27 - 0.42 mg l-1, 
0.76 – 2.02 mg kg-1 and 0.39 – 0.94 mg kg-1, 
respectively. In surface soil, concentration of Cd was 
found in the range from 0.12 - 0.34 mg l-1. For water, 
Cr concentration ranged from below detectable limits 
0.05 - 0.10 mg kg-1. The Fe concentrations of water 
and soil ranged from 0.82 – 1.21 mg l-1 and 1010 - 
3560 mg kg-1, respectively. The average Pb 
concentration in water and soil was 0.18 mg l-1 and 
0.54 mg kg-1, respectively. In bottom soil, Ni 
concentrations were in the range of 0.09 - 0.23 mg l-1 
with an average of 0.15 mg l-1 while in water average 
was 0.07 mg kg-1. The mean value of Zn 
concentration in water was 0.40 mg l-1 and the soil 
mean value was 10.43 mg kg-1. Unfortunately, the nil 
value of trace metals was not observed in any study 
sites as well as both the water and sediment samples 
while the BDL was observed in control sites. The 
high concentration of trace metals were observed in 
water samples of studied sites than control sites 
(except Cd). But in surface and bottom soil samples 
got least concentration of trace metals when 
compared to studied sites.    
The concentrations of metals in the plant 
samples analyzed are reported in figure 3. Certain 
metals such as Cu, Zn, Mn and Fe are essential for 
plant growth and some are not play an important role 
in the plant physiology18. These metals were easily 
deposited/ accumulated in the soil and ground water 
of the polluted areas due to the industrial emission of 
air/ effluent/ sludge pollutants. Although the polluted 
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areas are frequently allows growing some of the 
plants, the pollutants are able to accumulate in those 
plants in large extent19. These metals were easily 
transferred from plants to human food chain and were 
caused to harmful effects on humans20. Metal contents 
of plant samples such as Cd, Cr, Cu, Fe, Ne Pb and 
Zn concentrations are between BDL – 0.08, BDL – 
BDL, 0.04 – 0.16, 0.08 – 0.36, BDL – BDL, BDL – 
0.06 and 0.08 –  0.51 mg kg-1, respectively. The 
Croton bonplandianum got the high concentrations of 
trace metals than Cassia auriculata. The metal 
concentrations in control site samples (water, soil and 
plant) got 2 – 5 folds lower than the proposed study 
(Ariyalur) areas. The high level of biochemical 
contents of two studied plants were observed from the 
control sites than study areas (Figure 4). The result 
indicates that the three different samples from the 
Ariyalur industrial area show high level of pollutants 
than control site. The presence of these materials 
would reduce the enzymatic/ biochemical/ growth 
activity of the biota, and is enter into food chain in 
order to cause health effects. 
 
Figure 3: Concentration of trace metals in two different plants during summer season 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Concentration of biochemical contents in two different plants during summer season 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion 
The ground water quality, soil fertility and 
biochemical constituents of two plant samples were 
analyzed from three cement dust deposited area of 
Ariyalur district. The trace metal concentrations were 
high in surface soil followed by bottom soil and 
water. The results of pollution concentrations were 
revealed that the order of samples are soil > water > 
plant. The study sites were received large amounts of 
cement dusts in various forms (air/ effluent/ sludge) 
and were interconnected with each other to maintain 
the pollution level. These persistent pollutants were 
caused low growth rate (low biochemical contents) in 
both plants. These observations and ensuing 
inferences of this study are useful for managing 
pollution outfall from cement industries into 
environment. 
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